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==========================

Sepsis is as old as the time of Hippocrates.\[[@ref1]\] Neonatal septicemia is a major cause of neonatal mortality aggravated by occurrence of multidrug resistance.\[[@ref2]\] It is estimated that about 26% of newborns who die, do so as a result of infections that occur around birth.\[[@ref3]\]

Neonatal sepsis can be classified into two subtypes:\[[@ref4]\] Early-onset neonatal sepsis (EONS) is commonly considered to be maternally-acquired, mostly caused by *Escherichia coli*, *Haemophilus influenzae*, and Group B *Streptococcus* (GBS) usually found in the maternal genital tract,\[[@ref5]\] whereas late-onset neonatal sepsis (LONS) is considered environmental in origin -- either hospital or community acquired. The most common microorganisms implicated in LONS are Coagulase-negative staphylococci (CoNS), *Enterobacteriaceae*, including *Klebsiella pneumoniae* and *E. coli*, and *Acinetobacter baumannii*.\[[@ref6]\] In the most recent Eunice Kennedy Shriver National Institute of Child Health and Human Development surveys, LONS was shown to be 10 times more common than EONS in very low birth weight infants.\[[@ref7]\]

The isolation of microorganisms from blood is the routine used for diagnosis of sepsis in the newborn infant.\[[@ref8]\] The diagnostic potential of blood culture systems has improved over the past decade with the introduction of automated continuous blood culture monitoring systems.\[[@ref4]\]

Positive blood cultures help in optimizing treatment, whereas negative cultures aid in early termination of antibiotics. Potential studies on time to positivity (TTP) of blood cultures and duration of antibiotic treatment, especially from developing countries, are scant.\[[@ref9]\] There have been recent reports that 5 days of incubation may not be required for some blood culture bottles and some automated blood culture systems.\[[@ref10][@ref11][@ref12][@ref13]\]

Aim {#sec2-1}
---

The objective of the present study was to determine the causative agent, TTP, and antibiogram of neonatal blood cultures collected in a tertiary care center and to establish the time at which a blood culture could safely be considered negative.

M[ATERIALS AND]{.smallcaps} M[ETHODS]{.smallcaps} {#sec1-2}
=================================================

The blood cultures were taken from neonates at risk of sepsis or having clinical and/or laboratory indicators of sepsis, between March 2015 and May 2016 in a neonatal intensive care unit of a tertiary care hospital, Alexandria, Egypt, and were prospectively evaluated for 7 days.

The blood culture status, either positive or negative, was recorded till the end of day 7 of incubation. Demographic and laboratory data were collected for all neonates. Neonatal details included gender, age, date and time of birth date (to differentiate suspected EONS and LONS) and time of sample collection, date and time of sample loading, and date and time of signal, if it was detected.

Microbiological methods {#sec2-2}
-----------------------

The BacT/ALERT^®^ 3D 60 automated blood culture system (BioMérieux, France) was used to process all samples.

One ml venous blood was drawn aseptically and inoculated in BacT ALERT/PF Plus blood culture bottles (BioMerieux, France) with antimicrobial neutralization media and incubated at 37°C aerobically for 7 days.

Growth, if perceived, was then subcultured on MacConkey\'s agar and 5% sheep blood agar and identified by standard microbiological techniques.\[[@ref14][@ref15]\] Using the published Clinical and Laboratory Standards Institute guidelines, the susceptibility profile of the organism tested was then determined.\[[@ref16]\]

If there was deteriorating clinical picture or no response to antibiotic therapy over a reasonable period then repeat cultures were performed. Blood cultures were sent to the laboratory 24 h-7 days a week, and the bottle was incubated immediately. The positive blood cultures were differentiated according to the organism isolated into bacterial or fungal. Bacteria were further subdivided into Gram-positive and Gram-negative. Blood cultures with recovery of multiple isolates were excluded from further analysis.

TTP was defined as the time between the beginning of incubation and the time that the signal indicating growth in the culture bottle was detected.

Statistical analysis {#sec2-3}
--------------------

The statistical significance of observed differences was evaluated using the Mann-- Whitney U-test for non-normally distributed continuous variables and the Chi-square or Fisher\'s exact test for categorical variables, where appropriate. *P* \< 0.05 was considered statistically significant. Data were analyzed with IBM SPSS version 23.0. (Chicago, SPSS Inc.).

R[ESULTS]{.smallcaps} {#sec1-3}
=====================

A total of 839 blood culture samples from 826 neonates were collected and followed up, and 85 (10.29%) were positive, after excluding repeat cultures.

In suspected EONS, 29 out of 372 (7.8%) blood cultures were positive, whereas in suspected LONS, 56 out of 454 (12.33%) blood cultures were positive (χ^2^ = 4.5. *P* =0.032). Positive cultures isolated from males were 56 (65.88%) and females were 29 (34.12%) (χ^2^ = 7.3, *P* = 0.006) \[[Table 1](#T1){ref-type="table"}\].

###### 

Study group characteristics

![](JGID-9-102-g001)

Out of the 85 positive cultures, 57 (67.06%) were Gram-positive, 15 (17.65%) were Gram-negative, and 13 (15.29%) were fungi (all *Candida*) \[[Table 1](#T1){ref-type="table"}\].

CoNS were the predominant organism (41.18%). Other pathogens included *Staphylococcus aureus* (20%), *Candida* (15.29%), GBS and enterococci (both 5.88%), *Klebsiella* and *Acinetobacter* (4.7%), and *E. coli* (2.35%).

[Table 2](#T2){ref-type="table"} shows TTP, median TTP, and interquartile range (IQR). The median TTP of all positive blood cultures was 22.1 h (IQR 13.5). A total of 6 (7.1%) blood cultures became positive within the first 12 h after sample incubation, 47 (55.31%) within 24 h and 81 (95.36%) within 48 h. At 72 h of sample incubation, all 85 (100%) blood cultures were positive. Out of the 35 CoNS, only 1 was detected after 48 h. None of the GBS, entercocci, *Klebsiella*, *E. coli*, and *Acinetobacter* were detected after 48 h.

###### 

Time to positivity of blood cultures according to organism

![](JGID-9-102-g002)

The median TTP in episodes of suspected EONS was 21.1 h (IQR 17), as compared to 24 h (IQR 13.8) in episodes of suspected LONS (Mann-- Whitney U-test = 793.0, *P* = 0.86). In suspected EONS, only one culture (3.4%) gave a positive signal after 48 h as compared to 3 (5.4%) in suspected LONS.

The median TTP in episodes of suspected EONS and LONS yielding a single Gram-positive isolate were 23.1 h (20.0), as compared to 17 h (IQR12.0) in episodes yielding a single Gram-negative isolate, and 29 h (IQR 15.0) in episodes yielding a single yeast (Kruskal-- Wallis χ^2^ = 4.461, *P* = 0.1075).

The median TTP in suspected sepsis episodes yielding a single Gram-positive isolate was longer compared to episodes yielding a single Gram-negative isolate (Mann-- Whitney U-test = 427.5, *P* = 0.496) and shorter compared to episodes yielding a single yeast (Mann-- Whitney U-test = 370.5, *P* = 0.496), whereas the median TTP in suspected sepsis episodes yielding a single Gram-negative isolate was shorter than episodes yielding a single yeast (Mann-- Whitney U-test = 97.5, *P* = 0.492). All 15 Gram-negative isolates were recovered within the first 48 h of sample incubation. Only 2 (3.5%) Gram-positive and 2 (3.5%) yeast isolates were recovered between 48 and 72 h. Non of the isolates were recovered after 72 h \[[Table 3](#T3){ref-type="table"}\].

###### 

Time to positivity of blood cultures according to Gram-staining and onset of sepsis

![](JGID-9-102-g003)

All the Gram-positive pathogenic isolates were sensitive to vancomycin and tigecycline. 91.2% of the isolates were sensitive to cefepime and amoxicillin/clavulanic acid followed by oxacillin (89.5%), imipenem, cefoperazone, and sulfa/trimethoprim (87.7%), meropenem and ceftriaxone (86%) azithromycin (80.7%), clindamycin (63.2%), amikacin (59.6%), ciprofloxacin (56.1%), ampicillin/sulbactam (50.9%), gentamicin (42.1%), ampicillin (22.8%), and piperacillin (17.5%) \[[Table 4](#T4){ref-type="table"}\].

###### 

Antibiotic sensitivity patterns among Gram-positive isolates

![](JGID-9-102-g004)

Among the Gram-negative isolates, maximum antibiotic sensitivity was observed for levofloxacin (93.3%), followed by imipenem, meropenem, and tigecycline (86.7%), ciprofloxacin (73.3%), tobramycin (60%), ceftriaxone, sulfa/trimethoprim, amoxicillin/clavulanic acid (53.3%), cefoperazone (46.7%), amoxicillin and ofloxacin (20%), gentamicin, and amikacin (13.3%) \[[Table 5](#T5){ref-type="table"}\].

###### 

Antibiotic sensitivity patterns among Gram-negative isolates

![](JGID-9-102-g005)

D[ISCUSSION]{.smallcaps} {#sec1-4}
========================

As high mortality is associated with neonatal sepsis, a fitting antibiotic strategy is needed for its control. The fast identification of microorganisms permits physicians to quickly correct dose, interval or option of antimicrobial therapy while negative cultures help in early discontinuation of antibiotic therapy.\[[@ref17][@ref18][@ref19]\]

We studied a population of neonates dealing with incubation times required for blood cultures to become positive. Our study was conducted to determine the TTP of neonatal blood cultures, to investigate differences between genders, early-onset sepsis (EOS) versus late-onset sepsis (LOS), and to examine differences in TTP by organism type using a prospective observational study, and to determine antibiotic sensitivity patterns.

Our positivity rate (10.29%) compares well with the positivity rate found in most other recent studies.\[[@ref20][@ref21][@ref22]\] Guerti *et al*. noticed a significant difference between the positivity rate of blood cultures collected in infants \<72 h of age (3%) and infants ≥72 h of age (33%). This might reflect a less restrictive policy as to the collection of blood cultures in younger infants. Jardine *et al*. reported a total positivity rate of only 6%,\[[@ref23]\] whereas Vinod Kumar and Neelagaud reported a positivity rate of more than 50%.\[[@ref24]\] The lower positivity rate in the former study might be the result of a higher amount of suspected EOS in this study. The latter study did not report any details that could explain this extremely high positivity rate. These positive cultures should be viewed in light of the immense number of negative cultures resulting every day.

The organisms detected in the present study echo the current spectrum of bacteria and yeast causing neonatal infections that you might find in a developing country. Garcia *et al*.\[[@ref25]\] showed that Gram-positive and Gram-negative organisms constituted 80.4% and 10.5%, respectively. In a similar study, *K. pneumoniae*, *S. aureus* and *B. cepacia* were the predominant organisms (68.1%) among definite pathogens.\[[@ref9]\] CoNS accounted for 21.6% of total isolates. In 2 Indian studies, *K. pneumoniae* was the most frequently isolated pathogen, followed by *S. aureus* and *E. coli*.\[[@ref26][@ref27]\] In contrast, with Garcia *et al*.,\[[@ref25]\] *Staphylococcus* accounted for almost 2/3 of the organisms, followed by *Enterococcus*, *Streptococcus agalactiae*, and *E. coli*.

In another study, *Staphylococcus haemolyticus* was the predominant isolate followed by *Staphylococcus epidermidis*. Both this study and Ozkan *et al*. showed that Gram-positive bacterial pathogens were the most common isolates followed by Gram-negative bacterial pathogens and fungi.\[[@ref27][@ref28]\]

The EOS was mainly Gram-positive bacteria and most of the Gram-- negative. More than half of the Gram-positive, and all *Candida* were LOS.

In several studies, Gram-positive bacterial pathogens were more commonly associated with LOS and Gram-negative pathogens were associated with EOS.\[[@ref6][@ref27][@ref29]\]

According to results shown, authors suggest to decrease the antimicrobial spectrum to exclusively target Gram-positive bacteria when the culture is still negative after 48 h and to stop antimicrobial therapy when the culture is still negative after 72 h in clinically well infants.\[[@ref20][@ref30]\]

The improvement in blood culture system in the recent years has led to earlier detection of microorganisms. In our study, most of the organisms (96.2% of bacteria and 84.6% of fungi) were detected within the first 48 h of incubation.

This resembles the reports of Garcia *et al*.\[[@ref25]\] (detection of 97.1% of all bacterial pathogens and 88% of fungi within 48 h incubation) and Vamsi *et al*.\[[@ref31]\] (95% of bacteria and 84% of fungi were detected within 48 h of incubation). Janjindamai and Phetpisal\[[@ref22]\] also reported the detection of 97% of bacterial pathogens in 75 neonates with suspected sepsis within 48 h.

Vamsi *et al*. stated that if a blood culture was negative at 36 h, it was 99.14% probable to remain negative.\[[@ref31]\] Earlier, Kaiser *et al*.\[[@ref32]\] suggested discontinuation of antibiotics for neonates with possible LOS and negative cultures at 48 h. With a rate of evaluation for suspected sepsis of 20% in neonates\[[@ref25]\] and many of them unlikely to have sepsis, shortening the length of antibiotic therapy to 36-- 48 h was suggested to save significant number of hospital days and doses of antibiotics.

The median TTP in our study was 21.1 h (IQR 13.5). Similar TTP of 21.33 h (Q1-- Q3, 13.17-- 32.46) was reported by Guerti *et al*.\[[@ref20]\] who examined a total of 2916 neonatal blood cultures. Our median TTP was also similar to other studies that used automated blood culture systems.\[[@ref21][@ref23][@ref33]\]

In our study, all the Gram-positive pathogenic isolates were sensitive to vancomycin and tigecycline and then came cefepime, amoxicillin/clavulanic acid, oxacillin, imipenem, cefoperazone, sulfa/trimethoprim, meropenem, ceftriaxone, and azithromycin.

Sarangi *et al*.\[[@ref27]\] showed that all their Gram-positive pathogenic isolates were sensitive to linezolid, tigecycline and vancomycin. Co-trimoxazole was sensitive in 78.8% isolates followed by ceftriaxone (77%), azithromycin (76.9%), cefepime (60%), erythromycin (59.6%), and clindamycin (53.9%). This closely resembled the study conducted by Gheibi *et al*.\[[@ref34]\] where maximum sensitivity was found to vancomycin (90%) and ciprofloxacin (78.5%). Study conducted by Katiyar and Bose\[[@ref35]\] showed maximum resistance to penicillin (7.41%) and ampicillin (18.52%). Maximum sensitivity to linezolid (100%), vancomycin (95%), cefotaxime (73%), ceftriaxone (68%), and amikacin (68%) was also observed in the study conducted by Mustafa *et al*.\[[@ref36]\]

Among the Gram-negative isolates, in our study, maximum antibiotic sensitivity was observed for levofloxacin, followed by imipenem, meropenem, tigecycline, ciprofloxacin, and tobramycin.

Sarangi *et al*.\[[@ref27]\] showed that maximum sensitivity to amikacin (86.4%) followed by imipenem (77.3%), meropenem (77.3%), tobramycin (77.3%), and ciprofloxacin (68.2%), which was similar to the study conducted by Mustafa *et al*.\[[@ref36]\] In another study conducted by Mane *et al*.,\[[@ref37]\] maximum sensitivity was also found to imipenem (100%), ciprofloxacin (66.6%), and levofloxacin (66.6%), and maximum resistance was found against ampicillin (81.5%) and gentamicin (85.2%).

Our conclusions are restricted by the single center. Our results may not be in harmony with institutions using different laboratory systems because differences in culture media can influence bacterial recovery. A good point in our study is the prospective design permitting for controlling the volume of blood cultures utilized. Similar studies have been carried out with other automated blood culture systems to find out whether a 5-day incubation period is needed for these systems as well. However, unless paired side-by-side studies are performed, cautiousness should be taken when trying to compare the performance of diverse blood culture systems.

C[ONCLUSION]{.smallcaps} {#sec1-5}
========================

We have shown that 3 days of incubation may be all that is needed for the detection of bacteria and yeast when using BacT/ALERT^®^ 3D 60 automated blood culture system and BacT ALERT/PF Plus blood culture bottles. Further studies in other institutions are needed to authenticate this study.

This decrease in time will lead to reduction in antibiotic use which may reduce the emergence of resistant organisms, length of hospital stay in a defined neonatal population, and the workload in neonatal unit apart from cost savings. The antibiotic susceptibility profile suggested that for a given cohort the preliminary choice of levofloxacin for Gram-negative bacteria was more rational.

Vancomycin and tigecycline are the drug of choice for Gram-positive organisms.
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